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“Aocele&tion ~ afi~eed &a In the fozm of V-G records “
obtained m an SRB.1 trainer airplane were analyzed to determine
the loads M speeds erperienoed.during oerlxdn tmimlng opera-
tions. By utllizlng a method of analysis prevlouely developed,
results were determined in the fqm of ‘fll@t envelopes” whloh
preallotthe Ooclmrenoes of large values of airspeed and
acceleration.

h a matter * Inoldental interest, the resuits were com-
-~ ~~h ~s~ts mevio~ reportid.fw another scout-trainer
alrplpne - h SNJ-k. The ooqmlson shows @r@ dlfferenoes in
the freqmoy of ocoumenoe. of *ge values.of aooe@ration and
airspeed. This result Is probably attributable to the fact that
the two airplanes are aotually of Quite dlf%erent types, not- “
wlthstaxdbg their design to the same load.and speed requireansnts.

m!Romi?G.i’ ”..
,. ...

Several.sets of aoce@3rat10n a@ airspeed data In the fom
of V-G records w&re obt+uxl on Navy airplanes and transmitted
ta the IWCA for LUEU.YSISof applled load faotorq and speeds.,. .“
Two sets of swh @t@, to@.&er with supplementary Infom%tlon
were supplied for two trainer olass aix@anes, the SNB-1 and
the W-4, h large enough fpm~tles to be amlyml by a
Ehtistioal method. The SI?JP4data obtained ih@rw tralnhw
opematlons were analyzed ~ the method of!referenoe 1, and the
results of the aned,ysiswere presentsd h referenoe 2. T4e
V-G remrds t@sen ap the $NB-1 al@ane type during tra~
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operations have hen similltwly amilyz”edand the retmlts are pre-

sented herein.

Both the SHB-1 and SW-k airplanes m classed as scout
trainers, and th6y were desi~ to meet the Sam load-factor
requirements. The SNB-1 airplane, however is a twin-englns
slx.place cabti airplane, -whereasthe SW-4is a two-place air-
plane of eubstkhtlally mailer size and greater mneuverablllm.

Because of thesk mn&M&able diss~ities in airplane
c~cteristics @ in the Implied mmner of operation, It might
be expected that mibstantialJy different applied loads and speeds
would be imposed In the two cases, notwlthetandlng the slmils3ity
In me desi~tion and design requlraments. The results of the
analysis of the SIVB-1data were, therefme, com@&ed with the
results previously obtained for @ SW-k in order b disclose
any Mfferenoes in the applied loads and speeds. The o~ison
shows that the SNB-1 airplane was sub$ected to substantially less
severe loads and speeds thm ,theSNJ-4.

The SNB-1 data were mqpplled by the Navy under authori~
of the Bureau of Aemna@ics letter, fIle Aer-E-2411-JK, serial
no. 64187, dated 18 April 1945, qnd the SILT-4data were supplied
under authority of the Bureau of Aeronautics latter, file
Aer-E-24u-JK, dated 16 January 1945.

SCOPE OF MI!A

Thlr@-three V-G reoordd having a
561 hours ~ available ~cn=the SW-l
plete Eqpleunentary.information glvlng

:-

total flight time of
analysiE. Fairly com-
the me of mission

flown, operating weights, number of pilots P& retard, .opera-
tlng altitude, elm., was also available. Since the method of
analysis used (reference 1) requ&ed a reasondbl.yuuifom flight
time per record, the 32 records tn the range 15 to 24 hours with
total fM.ght tlm of 526 hours were used for the ansJYsis.

only 40jof ths 78 available reoc@s for the SNJ-4 were
amdyzed in refer6nce 2 to meet the requirement of reasmably
Unlfom fli@t tlm per record. ‘

The chm’actbristics of the SNB-1 and Sl?J-4t~es, together
with the sources frcm which these data were obtained, are given
In tab~s I and II.
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bm!mm AmJ mE3uim3 . .. . . .. . .. . .
“The II&hodused to kmate-”jhe data.of this repoa’tis

desoribed in referemes 1 mid 2~”“The fbequenoy dis.trlbutlms

shown intable IV forthe SMB-1 a12@anee wereusedtoprepmw
the ~bability mmves of the mximm imiioated EUWP=CI V=

the mximum positive .orqe~tlve aooelsmtlcm ~t *.:.
and the indloated airspeed VOX at whlti the _UM positive
or Ile*tlve ameleration inoranent is qperienoed. The ave~
values of the distributions ~=, ~, and To are given

at the bottom of table IV together with the q~ deviations
of the di8tiibuti&8 dv) am - do> respectively, and the

Ooeffloients of Skewnbss of the distributions +, “~ “and ~,

respectively, as ocaqmted by the method of referenm 1. The
tam “probabili@, “ @ the sense used herein, m be interpreted
as the ratio of the number of retards in which a @yen event
oocurs to *Iw total number of records used. 1 .%

~i~s” 1, 2, and 3 show the probabilities Pv, Pa

, ELM ZPO, of exoeeding @ven values uf V., ~, + Vo,

respectively, for.the SllB-1airplane, Xn f@ure 1, for exaqle,
the @obabili~ of exceeding a mximum Indioated airspeed.of
250 miles per hour is O.O~ or, in terms of reoords, this value
of airspeed will be exoeeded, on the average, on one recm’d in
40 reomds. Figures 2 and 3 may be interpreted in a simi~
manner. Also shown in these figures are the otmtulatlve frequenoy
distributim points obt&dnedfrcunthe relative frequencies of
table IV to illus@ate the agreement of the basio data wltb the
mbabili~ O-S. The neoessa3v extrapoUtlons of the curves
of fi@re ~ were rmde by the “wstrai@t+lineHmethod developed in
mi%renoe 2.. The extmpolatiom of ‘the V. CWVe for positive
aooelemtions starts at ~ miles per hour, We muimm level-
flight speed of the ai@.ane, and thk.ektmplation of w
negative V. .ourve starts at @ ties per hour, the nmml
Oruiehg speed.. . . !,. . . . .. “.. ”

The values of Pv, P& ~” ~. of figures,1, 2; W 3..
me used to derive “flightemelopes.. These eqv~lopes S& suoh
that, on the averages IQ a stated nunibe~C& fli~t hours, the

,
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enVd.ope wiU. be emoeeded by one positive and

tion imrement. and by one mulmm airspeed. “
one ne~tive acoelem-
l’igyre4 Emma the

fli@t envelop& deriied for the SUB-l -rp~~ t= 2X, m$ .
and 3,000 hours of operatim and the ca.qoslte V*G reoord fo& ,
* fM@.lt hours.

Figure 5 shows the results f= the SNJ-4 airplane obtained
Inthe sama manner as for the SK&l from the data of reference 20
It iS to be noted in fi~ 5 that the fli@t emmlopes predict
accelerations oonsi~rably @eater Mm those corresponding to
~ and cm. This result was obklned since deri,vatlon

of the flight envelopes is esientlally & extrapolatloh process
that breaks am at regions of dlscmtimlty in physical phmmenam
ConsMerimg this flint,no rellanoe should be placed in the
envelope where it exceeds the ~ E@ ~u Cumps.

The design V-n diagrams presented In flgm?ee k ad 5 for”
cqlsm with the flight envelopes of the SNB-1 and SNJ-4 alr-

.plaues were develaped In aoc-e with the specfflcatlons of
refehence 3. Slma no d4ta were given on the mhum normak
force oopffioients and because values were needed to mxqplete.*e
design dlagrems, the values of ~ = 2.0 and -C% = -1.0 ~e

arbltreri- chosen.

lk order to have a “dtieotccmpea-isonof the average tim
to exceed given values of aooelerations and speeds, figures 6
and 7 were prepared. The curves shown in these figures were
plotted from ftgures 1 and 2 for the SNB-1 and from the oo~.
spo- fi@res of reference 2 for the SNJ-4, by intro@ciilg
the flight time factor ae

with the
flight enwelopes
Oamposfte flight

erplahed in refere&e 1. ““

developdd are in reascmkble agreement
envelopes of the available V-G reco~.

Figure 4, fc&.exangjle.‘shows tlk.~the 500-hour envelcme ompares.
W& wit%the 561-hom 00I1lpOSite● Twi ~ositive @ ‘* n@tive
aocekations of the SNB-Z ocmposlte exceed the flight.epvelope
while only me neetive aooebration of the SNJ-4 ccmposite
(fig. 5) axceeda the flight envelope, instead of one positi+e
ard one ne~tive 000urrence which was predicted (reference 1).
.This is ooneidered ~ agreement In view of the limlted ekunts
of.data available for am3ysis. CIOSQ a~ment of tbe basio
data with the probabili~. prediotlons ban be.eqmoted when m~
masses of data me ~~~. .
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-Isa of the fli@lt exmelqpem of the m-l ad the
.Sin-4 *es aholm in figlmem 4 am. 5, respemtmly, Indioates

. . “large dMfeH’aXme m the medic.-. zll@t ~vm!?g. % * *
Qpes. Jt Is seen in figme 4.that the 500- and 3000-ti flight
envelopes of tbe SKBY1 do tit exOeed the desi~limlt load faotors
at aqy petit of the @gcmu ~’the 3000-hour ~lope axbeeds the
restricted 6p00a ~ only a small mgin. On * o-. &ml,
figlme 5 chows that the SW-4 flight amelopea for 500 8Bd
3~ hcnms 0X080d the dee~mt bE@ faotom ovar a considerable
range of qpeed and tbe restricted speed 1s exoeedad by .a Mge
amnmt. Amra@ ooml$tions for the sets of dkta”used,.as shown
in fi~S 6 and 7, indioate that the SW-4 airp~ @uls oan
be ~oted to mh the desl~posltive-limit lmli f!sotor8bout
onoe in ~ fli@t hours and the desi~ .ne@ativeldmit abti.
onoe in 2000 flight hours, while the restiioted speed ~~ be
exoeedd appmaxtnmte~ me in mery .6 t~ight hours. .-peo-
tion also shows that the SIQB.1- woulklnot be Qe@ed to exoaed
the deaigq-~t.load fao

T
s in either the positive or ne@tive

Mreotion In less than ~0) flight hours ad the r?s~lotid speed
only about onoe in 1000 flight hours.

. .

Ihepeotion of sugplementzcry** f.orwmded with the V~G .
remrde..imllcate@ that dlrmt comparison on the basiti@ partioulEm
missiau”was not possible although both .~rplane ~es me flown
On ooqwabls dSSiOIIS ~ Of the tm. ThSX’SfCX?O,= -3@3iS
of the data for both @es we mule on the basis of classifying
the missians in four peraJ oatsgoriea as shown in table III.
Stifioient da* on bpth.types fop ocmparisqn exist@. OIilyin the
ground-attxmk oategory. Detai3.edinepmtion showed the SNB-1 was
-d only for stm@ing while the SNJ-4 was utilized for diving
M bmbing tier the grouud-attaok oategpry. It Is seen in
this table @at the peroent of time spent in maneuvers that would
be expeoted to produoe high values of aooeleratlon and airspeed
is muoh ~ter far the SILT-4than the SKB-l @pe. When the
SW-4 reoords ooveu-ingordy one missiom per remrd were examined
for the effeot of misslm on the load fackrs d afiepeeds
SXParlenoed, it WP.Sf- tkt the aorobatio oate~ did shmr
higher average values of lea@ and speeds than the attaok cud
strai@&flying oate~iee.

Other possibu reasons ~ be advanoed to e@.ain the mre
ooneemative upemtions of the SNB.1 than the SW-4 alz@anes,
~tho~ m proof exiuts to t3m suoh oomtentions in 0~0-
tion with the data used hereim Ths amu@ of ~ienoe of the
-wPof Pilota Xtfleweaqh ~nwnothave beenthessme
S@ one grow might lywreexerolse? more oauticm in flight than
ths othsQ?PW. Also, it would be ~eatad -t the twin-engine
SNB-luould be_~tha pilot withmcxme than the

..,.. .- --- ,, .. . . . . .— . .. --.-— -. ..-.
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131n@.e=* .*:4 .tjpein”view “& tlie,f%ct’+&at’h mtit fllghts
* .*-1 ad a .13ii-mpn crew, Whlb #’. E&L thd flmhts” of
- ~.-4 * -603.0:.“.h -addition,Slncd $t m a le&ger d ‘:.

‘~%;*Ol, + S*-l” fe”less mneuye”~ble I& .~e SNJ-.4..”... . ,. ..;
. . . .

,... Cm@IOm .“ . ‘, ‘-;.. ...........1. “...
. . . .... .

‘-“’ Ti+ !a~lial@” data obtdned on Sl13-1klne?i-clhss a~lan.es
“%?+’&sQzed ~ ,the“restitsare presented aE:‘f+ight khmZopi?m”
which y~dkot ‘theocc@rences of”large”valm”s-of alrepeed’and
accel@atlon. ‘‘Cca@xrison .1smade “withSNJ-k .tmainer+e+eB .
airplane datk amlyzed by the same meth”od. .~ie the *-’@pas
“are desl@ed to .thdsame strength $ao~re, they differ codeti~bly
h 6onfY.guratlonsH the data are not etrlctly comparable.be+uee
utlllzation of ‘kachme In trainer operations wag diffe&eIit.’
However, the followlng conclusions can be drawn: .,

~. The flight en+elopes de%bloped by the medd of ~sis
“usedrep?esent the data”in a eatisfacm namer. .. . . .

. 2. Comparison of the results of 6ach t~e &we Mu?@ dif-
ferences h the flA@t loads“and epbeds aqmrienced.

. .

“3.& the ba~ls of the method used and constiering the “
.Mmlted amounts ~ data avail.ablefor ~sls, the SIB-l wlfi
eddom,. if ever, exceed -thedesign-ldmililo* factor .add the
restricteiispeed till be exceed@ ~ery seldom during the drplhns
Mfetlme, while the SEJ-k airplane can be e~ected” to euceed the
deslgh~llmit load factorand restricted.speed izia very smll
nuu+ber’of flight hours. ..,.. ..,!,”.- ‘.

. .,. .

~;y” -~ k?ommti~ Laboratory “
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HA. m-l (ARMY AT-u) AJXPMME

Me@mml desi@l @xMs wl&#lt (X.W~), lb.....
Gzwse wei@ at take-off (as flown, V-G reoords), lb .

Wing -a,sqft . . . . . . .0,.......0..
W@, lb/sqft. ., . . ..~a. ,c. earn. aa, . .
Wiagspap, ft....... . .. O.*. **.90*C

-~o@?-J~.@@_o~~* •“”’~’
A9peot ratio . . . . . . . . . . . . . . .S..oms
FkXrluQorulsinge-peed,lqpll , , . . . ● , ● ● , . , s .
Max- speed 4 level flight (~ lb at 5000 ft) @
~restrlcted apeed (IAS), @ . . . . . . . . .
Center-of.gravl& range, peroent M.A.Co , . . ● . . ● .
Design applied load faotors, g units . . . . . . . . .
Seu’vloeoeillng (’@~ lb), ft.. . . . . . . . . . . .
NuuMrofe nglnes. ..o. . . . . . . . . . . . . . .

I?ote: The above iabb we prepared frcau:

AAI’Teoh. Order. AN.01-%XW2
MN Tech. Order. AN-01-901L5

8 9300
w
d M
9 23.5
. b7.7
. 96.6
9 6.5
? m
● 2J.5

253
i6 to 30
62:G3

● . :2

lwATIoruu ADvIsmY
ccwImEEmRJwmmAmIcs
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MR HO. L61Wa

WmLE II””
. . .

lKAVY~J-4 (=

. .

. . .
. .

m-.a)-JmmAmf

Mammum aeslz @’oes weight (reOommm&d),lb , s

QmsEJ weight at take-df (as flown, V-G reoards),
w3ngEu?ea,13q ft..... . . . . . .
W/S, lbleq ft . . . . . . . . . . . . .
W~~, ft . . . .. m... . . . .

-~~~-,-.*=**~~

Aspeot ratio . . . . . . . . . . . . .
l?~~singspeed,~h . . . . . .
mm speed = level flight ~h . .
MazWunn res~oted speed (IAS~, qph . .
Center.of.gravity range, peroent M.A.C.
Design applied load faokn-s, g units .

.
●

9

9

●

9

●

●

9

●

● a

● m

● m

99

● m

● 9

● m

● m

● 9

99

●

9

9

9

●

●

●

●

9

●

. .

ib”
● W
● m
● a
● 9
99
● 8
● m
● *
9,
● m

5300
5043
253*7
19.9

● 42.1
76.0

.“ 7.0
● 170
● 205
● 240

22.5 tO 25.6
● 9 6 to-3

Servloe oeiling, ft. ..~ . . . . . . . . . . . . . . . .21,z
mlmberofimginim.. . . . . . . . . . . . .

Note: The above table was prepared

● .m, mmm . . 1

from:

Havy Teoh.
XVavyTech.

revlee~

Order. ANO1-60F-2
Order. ANO1-60FE-1,

15 Feb. 1945.

EATIOW JmvrsmY
ccMdITmEFaR AmmAurms
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TABLE III

. Omw?lm CmmscnmIJmEzWHICHV-Gq@IpE!lgmEwu31m..-

ON TBE ~-l MD SMJ-k AIHKWW3

-

—

—

Peroent of tlnleper mlaaicm
w of mission

Sru3-1 ‘SMJ-4

Ccaibataorobatioe “o 48.8

Alr attaok 32.5 i.6

Grouud attaok 42.4 35.2

stral@t flying 25.1 14q4

Total 100.0 3.00.0

Ivote: The valuesgiven above are based
on 33 SNB-1 reoords for 561 flight
home d ~ 78 SJIJ-4IWO@EI fm
275 fli@t hours.

m!mcmAL ADm30RY
coMMrmmm~cs
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muQm3!m MS!CRIBUMOIQSAND PAM4EZER v- m SKE-l V-G FU3COl@i
iI
1

v- adsb.’ihrtion Positive aocelerationa Ne@ive aooetitiona

Fre- @%x ‘e- % ‘- G ‘e- v. ~-
(;Y quenoy (g units) quenoy (~h] qllenoy (8 -=) qw=y (lqph) quexloy

200-204 1 0.70- o.~ 3 - 139 1 0.20-0.29 2 120-129 2
205-209 2 0.80 -0.89 2 % -149 1 - 0.39, 0 130-139
m- 214 3 0.90 -0.99 7 l% - 1~ 6 X -0.49 3 140- lkg .:

- 2L9 5 1.00 - 1.09 4 160-169 o.% - o.% 4 lyl-~
L5 - 224 4 1.10-1.19 1 170- 179 : 0.60-0.69. 5 160-16g ;
225-229 7 1.20-1.29 6 MO-* 6 0.70-0.79 7 170-179 “5
230- 23k 3 190- 199 0.80- o.8g. 6 MO-l@ ;
235-239 2 i:% : ?&g : 200-209 ; 0.90-0.99 2 190-199
240 - 244 2 1.X - 1.% 1 210-219 0. 1.00 - 1.09 1 200-209 1
245- 249 3 1.60-1.69 2 220-229 0 1.I.O-1.19 0

“ 1.70 - 1.79 1 230 - 239 2 1.20 -1.29 2
1.80-1.89 0 240 - 249 1
1.90-1.99 1

-.
v= = 225.78 & = 1.17 To = in.x ‘~ = 0.72 ~ = 161.88

.
Uv 0 1,1..~ ty& n 0.30 do = 25.13 UA . 0.23 U. = 19.60

q = 0.17 %&l = 0“69 ao = 1*O5 . ~ = 0.19 a. = -0.01

nA!J!mwLADvmiRY
mslrmEE mRJLERoMAuTIcs

.-
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MR No. L6F27a

MODEL DATE

ADVISORY
AERONAUTICS

Acce/eru7/on lnc%nen~ g uni +s - -
Agure 6 -Cornpar/son of uverage +/me required +0

exceed g~ven bdues of Qccelerat/on.
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